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SQF6L PHPEUDQHV XVLQJ VWDQGDUG VLOLFRQ
IDEULFDWLRQWHFKQLTXHV7KLVNLQGRIXOWUDWKLQPHPEUDQHKDVDYHUDJHSRUHVL]HVUDQJLQJIURP
WRQPDQG LWV WKLFNQHVV LVRQO\QP8VLQJVXFKPHPEUDQHV WKH\GHPRQVWUDWHG IRU WKH
ILUVW WLPH WKHVHSDUDWLRQRIERYLQHVHUXPDOEXPLQ %6$N'DDQG LPPXQRJOREXOLQȖ ,J*
N'D WZRSURWHLQV WKDWRQO\KDYHD WZRIROGGLIIHUHQFH LQ WKHLU0:7KH\ IRXQG WKDW%6$
GLIIXVHV WKURXJK WKH PHPEUDQH  WLPHV PRUH UDSLGO\ WKDQ ,J* +RZHYHU WKH DUHD RI WKHLU
PHPEUDQH LVRQO\PPDQGGLIILFXOW WREHXSVFDOHG6WURHYHHWDOXVHG WKHFRPPHUFLDO
SRO\ FDUERQDWH WUDFNHWFKHG 3&7( PHPEUDQHV ȝP WKLFNQHVV DV WHPSODWH IROORZHG E\
HOHFWUROHVVJROGGHSRVLWLRQ WR IRUP WKH$XFRDWHGPHPEUDQHV7KHVXUIDFHRI WKHPHPEUDQH
ZDV IXUWKHU PRGLILHG DQG QHJDWLYHO\ FKDUJHG ZLWK 6HOI$VVHPEOHG 0RQROD\HUV 6$0V RI
IXQFWLRQDOL]HGWKLROV+6&+&22+8VLQJWKLV3&7($X6$0VPHPEUDQHWKH\VHSDUDWHG
WZRVLPLODUVL]HGSURWHLQV%6$DQGERYLQHKHPRJORELQ %+EN'DZLWKDQ LRQLFVWUHQJWK
GLIIHUHQFHWRFDXVHRVPRWLF IORZ LQD8VKDSHGGLIIXVLRQFHOO$VHSDUDWLRQ IDFWRURIZDV
REWDLQHGDWS+7ZR\HDUVODWHUWKH\XVHGWKHVDPHPHPEUDQHIRUWKHVHSDUDWLRQRIWKHVH
WZRSURWHLQVDJDLQZLWKDPXFKORZHULRQLFVWUHQJWK$OWKRXJKDKLJKHUVHSDUDWLRQVHOHFWLYLW\RI
DERXWZDVDFKLHYHGWKHFRPSOLFDWHGSURFHGXUHVDQGORZSRUHGHQVLW\ȝPFRXOGOLPLWWKH
XVHRIWKHPHPEUDQHV

:H UHFHQWO\ SURSRVHG WKH XVH RI VXSUDPROHFXODU DVVHPEOLHV RI EORFN FRSRO\PHUPLFHOOHV LQ
VROXWLRQLQWKHSUHVHQFHRIFRSSHULRQVIRUWKHPDQXIDFWXUHRIVNLQQHGDV\PPHWULFPHPEUDQHV
ZLWKDWKLQQDQRSRURXVWRSOD\HUQPWKLFNQHVV,QWKLVZRUNZHXVHGDEORFNFRSRO\PHU
ZLWK GLIIHUHQW EORFN UDWLR DQG ZH XVHG D GLIIHUHQW VROYHQW V\VWHP $Q LQWHJUDO DV\PPHWULF
PHPEUDQHZDVREWDLQHGE\FRPELQLQJWKHVHOIDVVHPEO\RIDPSKLSKLOLFEORFNFRSRO\PHU36E
393DQGQRQVROYHQWLQGXFHGSKDVHVHSDUDWLRQ7KHPHPEUDQHFRPSULVHVDKLJKO\RUGHUHG
QDQRVWUXFWXUHG WRS WKLQ OD\HU ZLWK XQLIRUP SRUH VL]H DQG D QRQRUGHUHG VSRQJHOLNH OD\HU
EHQHDWK7KHGLDPHWHURIWKHYHU\UHJXODUSRUHVZDVDSSUR[LPDWHO\QPPHDVXUHGIURP6(0
LPDJHVDWKLJKPDJQLILFDWLRQ,WVKRXOGEHPHQWLRQHGWKDWWKHHIIHFWLYHSRUHGLDPHWHULVDFWXDOO\
VPDOOHU EHFDXVH WKHSRUHVDUH OLQHGZLWK393 /RQJUDQJHRUGHURI UHJXODUPRQRGLVSHUVHG
QDQRSRUHV ZDV DOVR FRQILUPHG IURP 6(0 SLFWXUHV )LJ D 7KH GHWHUPLQHG H[WUHPHO\ KLJK
VXUIDFHSRUHGHQVLW\ VKRZQ LQ)LJXUH LVHVWLPDWHG WREHDURXQGîSRUHVSHU VTXDUH
PHWHU7KHDYHUDJHF\OLQGHUOHQJWKRIWKHH[FHSWLRQDOO\ZHOORUGHUHGWRSWKLQOD\HULVDURXQG
QP DV VKRZQ LQ WKH FURVVVHFWLRQ 6(0 LPDJH )LJ E $V D VHSDUDWLRQ OD\HU WKLV LVPXFK
WKLQQHU WKDQWKHREWDLQHGQPLQRXUSUHYLRXVUHSRUW7KHIUHHVWDQGLQJPHPEUDQHDUHD LQ
RXUH[SHULPHQWZDVPRUHWKDQFPDQGFDQWKHUHIRUHEHHDVLO\KDQGOHGDQGXVHG7KLVYHU\
IDVWRQHVWHSPDQXIDFWXUHRIWKHPHPEUDQHFDQEHHDVLO\XSVFDOHG'XHWRWKHXOWUDKLJKSRUH
GHQVLW\DQGWKHWKLQQHUWRSOD\HUWKHZDWHUIOX[HVWKURXJKWKHPHPEUDQHVKDYHH[WUHPHO\ODUJH
YDOXHVRIPRUHWKDQ/PKEDUZKLFKDUHDOPRVWRUGHUVRIPDJQLWXGHKLJKHU WKDQ
WKRVH RI FRPPHUFLDOO\ DYDLODEOH PHPEUDQHV ZLWK FRPSDUDEOH SRUH VL]H 6RPH PHGLFDO
SURFHVVHV OLNH KHPRGLDO\VLV FRXOG EH VXEVWDQWLDOO\ VKRUWHQHG ZLWK KLJK IOX[PHPEUDQHV WKDW
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FXUUHQWO\ WDNH SDWLHQWV KRXUV IRU WUHDWPHQW HDFK GD\ $QRWKHU VXSHULRU SURSHUW\ RI WKLV
PHPEUDQH LV WKDW LW LV VWLPXOL S+UHVSRQVLYH 7KH IUHH S\ULGLQH JURXSV DW WKH PHPEUDQH
VXUIDFHDUHSURWRQDWHGDWORZS+DQGWKH393VHJPHQWVVWUHWFKWRPLQLPL]HFKDUJHUHSXOVLRQ
WUDQVIRUPLQJ WKH SRUHV LQWR D VHQVLWLYH JDWH FRQWUROOHG E\ S+ ZLWKRXW DQ\ PRGLILFDWLRQ 7KH
HIIHFWLYH SRUH UDGLXV RI WKLV WXQDEOHPHPEUDQHZDV HVWLPDWHG XVLQJ +DJHQ±3RLVHXLOOH¶V ODZ
7KHVHDWWUDFWLYHFKDUDFWHULVWLFVPDNHWKLVPHPEUDQHSDUWLFXODUO\ZHOOVXLWDEOHIRUVL]HVHOHFWLYH
DQGFKDUJHEDVHGVHSDUDWLRQDSSOLFDWLRQVRIELRPROHFXOHV

7RWHVWWKHSHUIRUPDQFHRIWKHPHPEUDQHGLIIXVLRQH[SHULPHQWVDWWKHSK\VLRORJLFDOS+RI
LQ 3%6 VROXWLRQZHUH FDUULHG RXWZLWK WZRSURWHLQV RI GLIIHUHQW GLDPHWHU%6$ DQG JOREXOLQȖ
ZKLFKDUH WRRFORVH LQVL]H IROGGLIIHUHQFH WREHHIILFLHQWO\VHSDUDWHG WKURXJKFRQYHQWLRQDO
GLDO\VLVPHPEUDQHSURFHVVHVSURWHLQVZLWKDWOHDVWDWLPHV0:GLIIHUHQFHLVUHFRPPHQGHG
E\WKHPDQXIDFWXUHUV7KHSDVVDJHRIWKHWZRSURWHLQVWKURXJKWKHPHPEUDQHZDVPRQLWRUHG
DQGWKHGLIIXVLRQUDWHGLIIHUHQFHE\DIDFWRURIZDVPHDVXUHGLQGLFDWLQJLWVSRWHQWLDOXVHIRU
PHPEUDQHEDVHG SURWHLQ IUDFWLRQDWLRQFKURPDWRJUDSK\ )XUWKHUPRUH FKDUJHEDVHG GLIIXVLYH
WUDQVSRUWDQGVHSDUDWLRQZLWKWZRSURWHLQVRIVLPLODUPROHFXODUZHLJKW%6$DQG%+EWKURXJK
WKHXQPRGLILHGPHPEUDQHZLWKS+GHSHQGHQWSRUHVL]HKDYHDOVREHHQVWXGLHGDVDIXQFWLRQRI
H[WHUQDO S+ %6$ LV RI QHDUO\ LGHQWLFDOPROHFXODU ZHLJKW DV %+E EXW KDV D ORZHU LVRHOHFWULF
SRLQWS, WKDQ%+ES, 7KHS+RIWKHSKRVSKDWHEXIIHUVROXWLRQVZDVYDULHGIURP
WR  ZKLOH WKH LRQLF VWUHQJWK RI DOO WKH EXIIHU VROXWLRQV ZDV PDLQWDLQHG DW 0 :H
SHUIRUPHGHDFKH[SHULPHQWDWGLIIHUHQWS+LQWULSOLFDWHWRPDNHVXUHWKHUHVXOWVDUHFRQYLQFLEOH
)LJXUHVKRZVWKHUHVXOWVRIWKHDYHUDJHIOX[RIERWK%6$DQG%+EDFURVVWKHPHPEUDQHDVD
IXQFWLRQRI WKHH[WHUQDOS+7KHDFKLHYHGKLJKHVWVHSDUDWLRQVHOHFWLYLW\ LVDERXWDWS+
)LJ7KHPHPEUDQHZDVIXUWKHUPRGLILHGDQGSRVLWLYHO\FKDUJHGE\TXDWHUQL]DWLRQUHVXOWLQJ
LQ H[WUHPHO\ HQKDQFHG VHSDUDWLRQ VHOHFWLYLW\ 7KH ODUJH SURWHLQ PROHFXOHV FDQ EH KHDYLO\
FKDUJHG%6$QHWPROHFXODUFKDUJHLVDWS+6WURQJHUHOHFWURVWDWLFLQWHUDFWLRQVEHWZHHQ
SURWHLQVDQGFKDUJHGPHPEUDQHVDUHH[SHFWHGZKHQWKHH[SHULPHQWVZHUHUHSHDWHGZLWKWKH
PRGLILHGPHPEUDQH%6$ZDVFRPSOHWHO\EORFNHGZKHQWKHS+YDOXHZDVHTXDO WRZKLOH
%+EZDVFRPSOHWHO\EORFNHGDWS+:HVXFFHVVIXOO\HQJLQHHUHGWKLVPHPEUDQHWKDWFRXOG
FRPSOHWHO\ H[FOXGH RQH SURWHLQ EXW SHUPLW SDVVDJH IRU DQRWKHU RQH 6HSDUDWLRQ H[SHULPHQWV
ZHUHDOOJRYHUQHGE\GLIIXVLRQLQWKLVVWXG\WRDOORZXVEHWWHUXQGHUVWDQGWKHWUDQVSRUWEHKDYLRU
DQGVHSDUDWLRQPHFKDQLVPRI WKHELRPROHFXOHVWKURXJKWKHPHPEUDQH$OWKRXJKWKHGLIIXVLRQ
UDWHV ZHUH QRW YHU\ KLJK ZKHQ LRQLF VWUHQJWK DQG SRUH VL]HV ZHUH UHGXFHG WR HQKDQFH
VHOHFWLYLW\ VXEVWDQWLDO HQKDQFHPHQW RI WKH UDWH LV H[SHFWHG LQ D FHQWULIXJH RU LQ D SUHVVXUH
GULYHQ V\VWHPVLQFH RXUPHPEUDQH FDQZLWKVWDQGXS WR  EDUV RI GLIIHUHQWLDO SUHVVXUH6XFK
V\VWHPVDUHDEOHWRDFKLHYHDGHVLUDEOHVHSDUDWLRQSHUIRUPDQFHZLWKERWKKLJKVHOHFWLYLW\DQG
KLJKUDWH&RQFOXVLYHO\WKLVLVWKHILUVWVWXG\RISURWHLQWUDQVSRUWDQGVHSDUDWLRQZLWK36E393
PHPEUDQHV LQ ZKLFK WKH SRUH VL]HV DQG FKDUJHV DUH WXQDEOH 7KHVH UHVXOWV KLJKOLJKW WKH
SHUVSHFWLYH RI WKH SURSRVHG QHZPHPEUDQH IRU HIILFLHQW VHSDUDWLRQ DSSOLFDWLRQV RI ELRORJLFDO
VXEVWDQFHVSKDUPDFHXWLFDOVLQELRVFLHQFHELRWHFKQRORJ\DQGELRPHGLFLQH


)LJXUHD/RQJUDQJHRUGHULQJRIWKHPHPEUDQHVXUIDFHEFURVVVHFWLRQ6(0LPDJH


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
)LJXUH$YHUDJHIOX[RIUHSOLFDWHVDWHDFKS+


)LJXUH  &DUWRRQ SLFWXUH VKRZV WKH WUDQVSRUW RI %6$ UHG VSKHUH DQG %+E EOXH HOOLSVRLG
WKURXJKWKHPHPEUDQHDWS+

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